Reduction of carboxylic acids by Nocardia aldehyde oxidoreductase requires a phosphopantetheinylated enzyme.
Aldehyde oxidoreductase (carboxylic acid reductase (Car)) catalyzes the magnesium-, ATP-, and NADPH-dependent reduction of carboxylic acids to their corresponding aldehydes. Heterologous expression of the car gene in Escherichia coli afforded purified recombinant enzyme with a specific activity nearly 50-fold lower than that of purified native Nocardia sp. enzyme. The 5-fold increase in specific activity obtained by incubating purified recombinant Car with CoA and Nocardia cell-free extracts indicated that post-translational phosphopantetheinylation of Car is required for maximum enzyme activity. Nocardia phosphopantetheine transferase (PPTase) expressed in E. coli was isolated and characterized. When incubated with [(3)H]acetyl-CoA and Nocardia PPTase, the labeled acetylphosphopantetheine moiety was incorporated into recombinant Car. Coexpression of Nocardia Car and PPTase in E. coli gave a reductase with nearly 20-fold higher specific activity. Site-directed mutagenesis in which Ser(689) was replaced with Ala resulted in an inactive Car mutant. The results show that Car expressed in Escherichia coli is an apoenzyme that is converted to a holoenzyme by post-translational modification via phosphopantetheinylation. Doubly recombinant resting E. coli cells efficiently reduce vanillic acid to vanillin.